Background: Population-based studies historically report underutilization of a resection in patients with colorectal metastases to the liver. Recent data suggest limitations of the methods in the historical
Introduction
Colorectal cancer (CRC) is the most common gastrointestinal malignancy, most common potentially resectable metastatic tumour to the liver and the most common indication for a liver resection in the United States. Up to 50% of patients with primary CRC will develop liver metastases in their lifetime with up to 20% of these patients eligible for a hepatic metastasectomy at high-volume centres. [1] [2] [3] With advances in operative techniques, peri-operative management and multi-modality therapy, nationwide post-operative mortality after a liver resection approaches 2-5%. [4] [5] [6] From a population-based perspective, only a minority of patients with hepatic metastases from CRC complete a metastasectomy.
The differences between institutional and population-level data have been difficult to reconcile. Unlike the 20% resection rate reported at select high-volume referral centres, a hepatic metastasectomy was performed in 6% of Medicare beneficiaries with the diagnosis of hepatic metastases from colorectal cancer HPB prior to 2002. 3, 7 This discrepancy is likely multifactorial and attributable to both patient and physician-specific factors. Recent nationwide inpatient data suggests increased utilization of a hepatic metastasectomy for patients with colorectal cancer; however, current resection rates have not been established. 8 The linked SEER (Surveillance, Epidemiology and End Results)-Medicare database allows for the population-based identification of incident cancer cases and the follow-up of patient care through time. Previously published SEER-Medicare data summarizing patient data between 1991 and 2001 identified a potential underutilization of operative treatment in patients with hepatic metastases from colorectal cancer. 7 This study has been cited extensively in both hepatobiliary surgery and public health and outcomes literature as evidence of underutilization of hepatic resection among patients with metastatic colorectal cancer. However, since its publication in 2007, the methodology used to assemble the study cohort has been debated. Recent studies have emphasized limitations in the detail of International Classification of Diseases, 9th Revision (ICD-9) codes in hospital claims data, with aggregated accuracy of ICD-9 codes in diagnosis of metastatic colorectal cancer estimated to approximate 80%. [9] [10] [11] Despite the limitations of ICD-9 codes, SEER-Medicare is the only United States national database to report both estimates of patients treated (operation and/or chemotherapy) for metastatic colorectal cancer to the liver and estimates of all patients with this diagnosis. As such, comparison of historic (pre-2002) and current hepatic resection rates using similar data acquisition methods may provide helpful estimates in the use of treatment for patients with metastatic CRC. Given ongoing advances in multimodality management and peri-operative treatment of patients with metastatic colorectal cancer to the liver, we hypothesized a significant increase in the hepatic metastasectomy rate for this patient population in the past decade.
Patients and methods

SEER and SEER-Medicare
The SEER programme is a the United States population-based cancer registry supported by the National Cancer Institute (NCI) and Centers for Disease Control and Prevention. The current registry includes data collected from multiple localities and states from 1973 to 2011. The most current reporting period includes data from 18 cancer registries drawn from approximately 28% of the population of the United States.
The SEER-Medicare linked database is a collaboration between NCI, SEER, and the Centers for Medicare and Medicaid Services. The SEER-Medicare database provides a combination of incident cancer cases and cancer-specific data collected by SEER with Medicare claims data for covered health services for Medicare beneficiaries identified from the SEER registry. 
Data collection and management
The data collection and study design were reviewed and approved by the University of Virginia Institutional Review Board. We conducted a retrospective, population-based cohort study of all patients diagnosed with colorectal adenocarcinoma using the SEER registry coding system. Patients included in the study had the following combination of characteristics: ICD-0-3 histology code adenocarcinoma (8140/1-3) and primary pathology sites colon (C15-23) and anorectum (C25-27) between 1991 and 2009, who also had a Medicare diagnosis of malignant neoplasm of the liver, secondary (ICD-9-CM 197.7) between 1991 and 2011 using the MedPAR, carrier claims and outpatient claims data. The study population was dichotomized into historical and current cohorts, based on data published previously summarizing outcomes for 1991 to 2001 SEER-Medicare patients. 7 The historical cohort included Patients who were enrolled in a Medicare HMO or not enrolled in Medicare Part B in the 2 years from the date of colon cancer diagnosis were excluded, as were patients with the previous metastatic disease. Patients less than 66 years of age at the time of diagnosis were also excluded in order to ensure all patients had at least 1 year of Medicare claims preceding diagnosis. Patients who did not complete a colorectal resection were also excluded.
Demographic data included age, gender and race. Race was classified as Caucasian, African-American or Other (Asian, Hispanic, Unknown). Patient-specific comorbidities included within 1 year of cancer diagnosis and present at least twice within claims data were abstracted from MedPAR, carrier claims, and outpatient claims and summarized as a Charlson/ Deyo comorbidity index as described previously. 12, 13 Patients receiving systemic chemotherapy were identified using outpatient claims for chemotherapy administration within 6 months of the diagnosis of hepatic metastases. Chemotherapy administration was also identified for hepatic resection patients, including both administration of chemotherapy 6 months prior and/or 6 months after the liver resection. Hepatic resections were identified using the ICD-9-CM diagnosis codes for a partial hepatectomy or wedge resection . Post-operative complications were abstracted from secondary diagnoses reported in MedPAR hospital claims and were categorized into three groups as follows (i) haemorrhagic complications: accidental laceration, post-operative haemorrhage and post-haemorrhagic anaemia; (ii) gastrointestinal complications: paralytic ileus, gastrointestinal complications, gastrointestinal haemorrhage and intestinal fistula; and (iii) infectious complications: post-operative infection, wound dehiscence, peritonitis and liver abscess. For patients with more than one liver operation, comorbidities and complications associated with the first liver resection were abstracted. Thirty-day post-operative mortality was abstracted from Medicare data. The overall survival was calculated as months between the diagnosis of hepatic metastases and death.
Statistical analysis
Distributional characteristics of data for continuous variables are reported as medians with an interquartile range (IQR), and as percentages for categorical data. The statistical significance of differences between cohorts in the proportional distribution of categorical variables was assessed using Pearson's chi-square test statistic. Differences in the median and mean values of continuous variables between groups were compared with Wilcoxon's rank-sum test. A weighted linear regression was used to represent graphically the change in hepatic resection rates over time (weighted linear R 2 = 0.673). Logistic regression using a hepatic resection as the outcome and liver metastasis diagnosis year as the predictor was used to estimate the change in the hepatic resection rate over time. Kaplan-Meier survival analysis, with the log-rank test for between-group comparisons, was used to test the bivariable effect of hepatic resection on survival. Cox's proportional hazards regression was used to develop a multivariable model adjusting for the combined effects of age, gender, race, incident AJCC stage at the time of diagnosis, the Charlson/Deyo comorbidity index, hepatic resection, systemic chemotherapy and treatment time period on survival in patients with colorectal cancer hepatic metastases. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) software was used to conduct data management, statistical analysis and to produce plots of results. A P-value of <0.05 was considered to indicate statistically significant differences for all comparisons. Table 1 . Patients in the current cohort had a higher median age, 78 (72-83) versus 77 (73-82) years, P = 0.040. Sex and race proportions were not significantly different between the two groups. Patients in the current cohort presented with higher AJCC stage (P < 0.001), and more patients in the current cohort had Stage III and IV disease at the time of incident diagnosis. There was no difference in the use of systemic chemotherapy within 6 months of the diagnosis of hepatic metastases (current cohort: 33.0% versus historical cohort: 32.1%, P = 0.077).
Results
Patient demographics and staging
Liver resection patients
Of 31 574 patients included in the study, 2190 (6.9%) underwent a liver resection. The proportion of patients treated with a liver resection increased during the entire study period with a statistically significant yearly increase in odds each year: odds ratio (OR) 1.03; 95% confidence interval (CI): 1.02-1.04, P < 0.001 (Fig. 1) . The use of a liver resection increased from 1080 patients (6.5%) in the historical cohort to 1110 patients (7.5%) in the current cohort (P < 0.001).
Peri-operative chemotherapy, operative extent, comorbidities and post-operative complications are summarized in Table 2 . Patients in the current cohort had higher Charlson/Deyo comorbidity index values (P < 0.001). Both the use of pre-operative chemotherapy (22.3% versus 10.9%) and post-operative chemotherapy (39.6% versus 31.5%) was higher in patients treated after 2002 (both P < 0.001). The use of a major (≥3 segments) hepatectomy did not differ between the two time periods (P = 0.974). The proportion of patients with post-hepatectomy complications was lower in the current cohort, with fewer patients developing ≥ 1 complication after a resection (25.5% versus 28.1%, P = 0.021). Both haemorrhagic and infectious complications were significantly lower in the current cohort (both P ≤ 0.047); gastrointestinal complications did not differ between the two groups (P = 0.520). Post-operative 30- day mortality was 3.5% among the historical controls and 3.9% in the current cohort (P = 0.660).
Survival analyses
Patients treated with a hepatic resection had a better overall survival compared with patients who did not complete a hepatic metastasectomy in both cohorts (Fig. 2a, b) , log-rank P < 0.001. In the historical cohort, the median survival was significantly better in patients completing a hepatic metastasectomy (32 versus 7 months, log-rank P < 0.001). Similarly, the median survival was significantly better among hepatic metastasectomy patients in the current cohort (39 versus 8 months, log-rank P < 0.001). The 5-year survival was significantly better for patients selected for a metastasectomy during both study periods (historical cohort: 26% vs. 6%; current cohort: 33% versus 7%; both P < 0.001). Multivariable Cox's proportional hazards regression analysis was used to assess the adjusted effects of demographic and clinical covariates on overall survival. The multivariable model is summarized in Table 3 . Age, Charlson/Deyo comorbidity index and incident AJCC stage had independent negative effects on survival (all P < 0.001). The use of systemic chemotherapy was associated with a lower risk of death (HR = 0.64; 95% CI: 0.63-0.66; P < 0.001). Both the use of a hepatic resection (HR = 0.40; 95% CI: 0.38-0.42, P < 0.001) and treatment in the current study cohort (HR = 0.88; 95% CI: 0.86-0.90, P < 0.001) were also associated with a lower risk of death.
Discussion
Rates of hepatic metastasectomy for Stage IV colorectal cancer continue to improve in Medicare recipients. Previously published studies using SEER-Medicare registry reported 3.9% to 6.1% hepatic resection rates among patients with metastatic colorectal cancer to the liver. 7, 14 The overall use of a hepatic resection increased during the past decade with a current aggregated resection rate of 7.5% for patients treated between 2002 and 2009. The use of peri-operative systemic chemotherapy also increased between pre-2002 and current cohorts. While the overall administration of chemotherapy in all patients with hepatic metastases did not change with time and is consistent with previously published SEER-Medicare data, 15 the use of chemotherapy in patients selected for a metastasectomy within 6 months prior to a liver resection increased from 10.9% to 22.3%, and the use of post-hepatectomy chemother- Figure 1 Logistic regression model demonstrating an improvement in resection rates during the study period with a fitted estimated resection rate (P < 0.001) Table 2 Peri-operative data for a hepatic metastasectomy Post-operative infection, wound dehiscence, peritonitis and liver abscess. Data are reported as n (%) except for age which is reported as the median (interquartile range) and Charlson/Deyo comorbidity index which is reported as the median (interquartile range and overall range).
HPB 2015, 17, 1019-1024 ª 2015 International Hepato-Pancreato-Biliary Association apy increased from 31.5% to 39.6%. Temporal treatment after 2002, a hepatic resection and chemotherapy were all independently associated with an improved overall survival in patients with hepatic metastases from colorectal cancer. The use of resection and peri-operative chemotherapy in Medicare recipients is increasing despite an aging patient population with more comorbidities. The median age of patients selected for a hepatic metastasectomy in this SEER-Medicare study population of patients over 66 years at the time of diagnosis was 74 years; Charlson/Deyo comorbidity index values were higher in patients treated between 2002 and 2009 than patients treated prior to 2002. Despite a seemingly more aggressive treatment approach, the frequency of overall, haemorrhagic and infectious complications has declined. The 30-day post-operative mortality remains less than 4% and is comparable to nationwide National Surgical Quality Improvement Program data. 4, 6 Similarly, long-term survival rates in patients selected for a metastasectomy post-2002 are comparable to 30-40% 5-year overall survival described in multi-institutional and nationwide data. 2, 16, 17 Unfortunately, identification of specific tumour features affecting organ-specific or the overall metastatic burden and/or disease biology is not possible with SEER-Medicare data. Definition of metastatic sites and/or disease recurrence using ICD-9 codes is limited. Sensitivity and the positive predictive value (PPV) of distant CRC metastases using ICD-9 code definitions are 80% and 70%, respectively, in historically reviewed SEERMedicare data. 9 A corresponding diagnosis of CRC metastases using ICD-9 data in proprietary claims databases achieves a PPV between 73% and 80% and an overall accuracy of 80%. 10, 11 Also, identification of colorectal cancer recurrence and/or presence of metachronous metastases using ICD-9 data has a sensitivity of 71% and specificity of 91% among Medicare recipients. 18 With an overall accuracy approaching 80%, ICD-9 code definitions alone are limited in defining patients with hepatic metastases. However, despite this limitation, data acquisition methods are believed to have been consistent between historic and current study cohorts. Thus, even considering these limitations, our results suggest an improvement of hepatic resection rates and in the use of pre-and post-operative chemotherapy in Medicare recipients with metastatic colorectal cancer. Population-based analyses have other significant limitations. The exact burden of disease and suitability of the operative approach cannot be determined. To this extent, it is difficult to compare 20% resection rates reported by institutional data and a 7.5% resection rate in this population-based study. The higher rates of resection in institutional data can reflect a referral bias of tertiary and quaternary care centres. 19, 20 In addition, differences in the burden of disease and/or the significantly older age of Medicare recipients can explain variability in the resection rates between institutional and registry data. Interestingly, a similar analysis among the patients enrolled in the English National Health Service demonstrated improvement in the hepatic metastasectomy rate from 1.7% in 1998 to 3.8% in 2004. Patients completing a hepatic metastasectomy had an improved overall survival, P < 0.001 Proposed barriers to the delivery of population-level care include existing or perceived burden of disease, demographic or socioeconomic disparities, perceived morbidity of treatment and patient comorbidity, and a lack of education about the efficacy of a resection and/or referral patterns. Unlike recent data suggesting disparities in treatment associated with insurance disparities, 21 all patients in this study were insured. With advances in chemotherapy regimens, targeted therapy options, as well as, operative and re-operative techniques, metastatic colorectal cancer has been described as a chronic disease.
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On-going efforts should focus on the emphasis of multidisciplinary approaches and the multimodality treatment of patients with colorectal cancer hepatic metastases.
Conclusion
Hepatic resection rates and the use of peri-operative chemotherapy for patients with hepatic metastases from colorectal cancer continue to improve among Medicare recipients. Despite advanced age and comorbidities, overall survival is improved in patients selected for metastasectomy. Both a hepatic resection and systemic chemotherapy are associated with improved survival.
